was performed using the primers listed as follows: podoplanin:
5'-CCAGGAGAGCAACAACTCAA-3' (forward), 5'-GATGCGAATGCCTGTTACAC-3' (reverse); Smad7:
5'-GGAAGTCAAGAGGCTGTGTT-3' (forward), 5'-GCTTTCTCCTCCCAGTATGC-3' (reverse); -actin:
5'-CAAGAGATGGCCACGGCTGCT-3' (forward), 5'-TCCTTCTGCATCCTGTCGGCA-3' (reverse).
4. Luciferase assay
Cells were transfected with (CAGA) 9 MLP-luc using FuGENE6 (Roche Diagnostics K.K., Tokyo, Japan). Luciferase activities were determined by Luciferase Assay Systems (Promega K.K., Tokyo, Japan) and normalized to -galactosidase activity of co-transfected CH110 (GE Healthcare UK Ltd., Buckinghamshire, UK).
5. Flow cytometry
Expression levels of human podoplanin were compared for confirmation using flow cytometry. HT1080 cells, which were collected by trypsin-EDTA treatment,
were incubated with NZ-1 (0.1 µg/ml) for 1 h at 4°C. Then the cells were incubated with Oregon green-conjugated anti-rat antibodies (Invitrogen Corp.) for 30 min. Flow cytometry was performed using FACS Caliber (BD Biosciences, Barintree, MA).
6. Western-blot analysis
The cell lines were solubilized with lysis buffer (1% Triton in PBS) and electrophoresed under reducing conditions on 10-20% polyacrylamide gels. The separated proteins were transferred to a PVDF membrane. After blocking with 4% skim milk in PBS, the membrane was incubated with NZ-1 (rat; 0.1 µg/ml), anti-Smad2 (mouse; 0.25 µg/ml; Transduction Laboratories, Lexington, KY), anti-Smad4 (mouse; 0.2 µg/ml; Santa Cruz Biotechnology, Inc., Santa Cruz, CA), anti-phospho-Smad2 (rabbit) [15] , and anti--actin antibody (mouse, 0.2 µg/ml; Sigma), and then with peroxidase-conjugated anti-rat, anti-mouse, or anti-rabbit antibodies (1/1000 diluted; GE Healthcare UK Ltd.), and developed for 1 min with ECL reagents (GE Healthcare UK Ltd.) using Kodak X-Omat AR film.
7. Platelet aggregation assay by WBA Carna
Heparinized human whole blood (WB) was drawn from healthy drug-free excess TGF- and respond to it by enhanced invasion and metastasis [17] . TGF- is known to induce epithelial-mesenchymal transition (EMT) through the induction of SIP1 andδEF1 [18] , Snail family transcriptional factors [19] , and the suppression of inhibitor of DNA binding (Id) proteins [20] . Furthermore, TGF- promotes bone metastasis through the induction of IL-11 and connective tissue growth factor [21] .
Podoplanin has been also reported to induce EMT in MDCK cells linked to the activation of RhoA, and increased cell migration and invasiveness [13] . Although TGF- induces podoplanin in HT1080 cells, it is not sufficient to induce the invasion and migration of HT1080 cells [22] . Even though, podoplanin might be one of cancer progressive factor, which is regulated by TGF-.
Platelet aggregation by HT1080 cells.
To confirm the expression of functional podoplanin on cell surface, we performed the flow cytometry using anti-podoplanin (NZ-1). As shown in Fig. 2A , the expression of podoplanin on cell surface was observed in the absence of TGF- and its expression was further stimulated by TGF-. We next investigated the platelet aggregation by HT1080 cells in the presence or absence of TGF-. Platelet aggregation was observed in control HT1080 cells, and was further stimulated by TGF--treated HT1080 cells (Fig. 2B) . These results suggest that functional podoplanin was induced on cell surface of HT1080 cells.
Effect of Smad4 knockdown on the induction of podoplanin by TGF-.
We next investigated the involvement of Smad pathway on the expression of podoplanin by TGF-. We established HT1080 cells which stably expressed short hairpin RNAs for Smad4 (shSmad4). We obtained two transfectants (clone 5 and 10), and these Smad4 were significantly reduced compared with control (pSUPER) transfected cells (Fig. 3A) . However, the expression of Smad2 and phosphorylation of Smad2 by TGF- were similar between control and shSmad4 transfected cells. The transcriptional activation of (CAGA) 9 MLP-luc by TGF- was significantly reduced in shSmad4 transfected cells (Fig. 3B) . Using these transfectants, we investigated the induction of podoplanin by TGF-. As shown in Fig. 3C , the induction of podoplanin by TGF- was blocked in shSmad4 transfected cells. These results suggest that TGF--Smad pathway is important for the induction of podoplanin by TGF- in HT1080 cells.
TGF- regulates various target genes via Smad pathway [23] . However, podoplanin was not induced by TGF- in HaCaT and MCF10A cells (Fig. 1A) , which suggested that TGF--Smad signaling alone is not sufficient to induce podoplanin.
Therefore, Smad would cooperatively regulate podoplanin with other transcriptional factors, which maintain the basal expression of podoplanin in HT1080 cells. Recent report revealed that transcriptional factor Sp1 and Sp3 stimulate basal podoplanin expression, and methylation status of its promoter confers cell-type specific podoplanin expression [24] . Smads have been shown to interact with Sp1, and regulates various target genes including p21 [25] . Further study is needed to identify the transcriptional factors which regulate podoplanin with Smads.
In conclusion, we found that TGF- induced podoplanin in human fibrosarcoma HT1080 cells 
